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Objective of Research 
To compare the total bacterial, streptococcus mutans (S. mutans) and periodontal health levels 
between clear aligners, self-ligating and conventional orthodontic brackets appliance systems 
after 9 months of treatment in a randomized clinical trial. 
Review of Literature 
Orthodontic treatment is no longer limited mainly to children and adolescents.
1
 With increasing 
number of patients from older age groups seeking orthodontic treatment; there has been an 
increasing demand for esthetic alternatives to conventional fixed stainless steel appliances. Some 
common issues associated with conventional fixed appliances for treatment are: unaesthetic 
appearance of brackets, conventional systems compromise the ability of the patient to maintain 
good oral hygiene; increase the risk of periodontal breakdown due to constant accumulation of 
plaque around the brackets, wires and ill-fitting bands
2,3
 and iatrogenic root resorption, a major 
medico-legal concern
4,5 
 
Despite vast improvements in technology and materials, building up of plaque around 
orthodontic appliances remains a significant problem. Ristic et al
6
 evaluated the periodontal 
status in orthodontic treatment in adolescents and concluded that clinical and microbiological 
parameters associated with periodontal health started to increase after the placement of fixed 
appliances. Maximum values were reached 3 months after fixed appliance placement followed 
by their decrease in the last registration period of 6 months after the placement of fixed 
appliances. Evaluating the long term effects of orthodontic treatment on the oral health Gastel et 
al
7
 reported that the periodontal values tended to normalize after debonding, but most values 
remained significantly elevated at 3 months after debonding compared to pretreatment 
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observations. After 3 months of retention the supragingival CFU ratio normalized possibly but 
the subgingival CFU ratio remained significantly lower compared to baseline values, indicating 
that the changes induced by orthodontic treatment are partially irreversible. Increased plaque 
accumulation has always been a problem associated with orthodontic treatment, often leading to 
undesirable sequelae of irrevocable white spot lesions, gingival inflammation and increased 
papillary bleeding.
8-11
 It has been reported
12,13 
that  that metallic brackets are colonized by 
multiple cariogenic and periodontal pathogens within one month of placement. The development 
of dental plaque has been associated with several environmental and individual factors including 
diet composition
14,15
,  oral hygiene
16
, fluoride exposure
17
, quality of saliva, composition of the 
oral microflora and immune factors.
18,19
 Bonded orthodontic brackets hinder access for good oral 
hygiene and create microbial shelters, resulting in the accumulation of plaque, gingival 
inflammation and subsequent decalcification.
20-25 
Boyd et al
22
 and Alstad
23 
reported that bonded 
orthodontic brackets hinder access for good oral hygiene and create microbial shelters, resulting 
in the accumulation of plaque, gingival inflammation and subsequent decalcification. 
Patients undergoing comprehensive multi-bracket appliance treatment have been shown to be at 
much higher risk of increased Streptococcus species, particularly Streptococcus mutans and 
Streptococcus sobrinus that are associated with enamel demineralization and thus developing 
white spot lesions (WSL) when compared to the general population
26-28 
and the WSL may not 
completely disappear even after 14 years of natural remineralization processes.
29
 Therefore the 
evaluation of these problems has attracted a lot of attention, as has consideration of how to 
eliminate such risks. Increased use of self-ligating brackets and clear aligners from Invisalign 
(Align Technology, Inc., Santa Clara, CA) are some of the recent developments in orthodontics 
that have tried to address these concerns.
30,31
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Self-ligating brackets have been evaluated with some reports
32
 suggesting the fact they are 
associated with less plaque retention. This idea was supported by Pellegrini
33 
who using a split 
mouth design compared the oral hygiene in self-ligation brackets versus conventional brackets 
and reported that self-ligating appliances promote reduced retention of oral bacteria. However 
their study duration was only for 5 weeks. In a separate study
34 
after 1 year of orthodontic 
treatment there appeared to be no differences in retention of plaque bacteria or white spot lesions 
comparing the bracket types. Similarly studies have reported no significant difference between 
conventional and self-ligating brackets for white spot lesions
35
, salivary S.mutans count levels.
36
 
and plaque bacteria levels.
37,38 
 
 In contrast, oral hygiene problems have been much less intensively examined in patients with 
removable appliances. These patients have been regarded as representative of the average 
population, since their oral hygiene is in no way impeded. Also, whenever the appliance is not in 
place, physiologic self-cleansing takes place like in any natural dentition. ‘Clear aligners’ 
combine the characteristics of fixed and removable appliances. Its main components are clear 
plastic splints (aligners) covering all teeth plus the marginal aspects of the gingiva, which 
gradually move the teeth into an ideal position. The Invisalign system has been used to treat well 
over 300,000 people worldwide and its popularity continues to grow.
39,40
 In a recent survey of 
more than 65 US orthodontic residency programs, 84.06% of the residents reported that they plan 
to use ‘invisalign’ for treating their patients41 However this increasing popularity needs to be 
supported by substantial scientific evidence through controlled clinical trials highlighting the 
efficacy, biological compatibility and patient satisfaction with this appliance system.
42,43
 To date 
published data have primarily included case reports, commentaries, material studies, surveys, 
descriptive technical articles and retrospective cohort studies and only a handful of clinical trials. 
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Especially little data seems to be available on the accretion of bacteria on the teeth and the 
appliance during treatment, its effect on the periodontium and root resorption. In such a scenario 
it is imperative to find an optimized evidence-based treatment strategy that leads to predictable 
outcomes with complete patient satisfaction during and after treatment while minimizing the risk 
for periodontal breakdown. 
Ideally aligners should be worn almost all day long except when tooth brushing, eating or 
drinking beverages that stain or contain sugar. This almost day long coverage of all teeth 
surfaces increases the accumulation of soft matter, which in turn could lead to subchronic 
inflammation. Low et al
44
 devised a method to study the nature of biofilm formation in clear 
aligners and found that colonization appeared to center initially on the raised edges or textured 
surfaces of the appliance. In addition more recessed and sheltered areas of the appliance, such as 
the cusp tips and attachment dimples, harbored more biofilm than the flat surfaces. Further, the 
margins of aligners, almost never perfectly smooth, can irritate the marginal gingiva.  Türköz et 
al
45
 evaluated the influence of thermoplastic retainers on S. mutans and Lactobacillus adhesion 
and reported that 3 months of use of the thermoplastic retainers made oral conditions conducive 
to S. mutans and Lactobacillus colonization with an increase in the S. mutans colonies. Looking 
at the oral health with the use of clear aligners Schaefer and Braumann
46
 reported that over an 8 
month duration of use of the clear aligners caused only minimal impairment of overall oral 
health and the associated quality of life and did not find it effective to recommend the adjunctive 
use of a low-dose chlorhexidine mouthwash during treatment with clear aligners. 
Comparing the periodontal health with treatment by clear aligners to conventional appliances
47
 
or lingual appliances
48
 over a short term duration of 3 months it has been reported that the clear 
aligner system may be better for the oral hygiene with lower plaque scores and probing depths. 
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Looking at a longer duration Karkhanechi et al
49
 compared removable aligners to conventional 
appliances for a duration of one year and concluded that the treatment with fixed buccal 
orthodontic appliances is associated with decreased periodontal status and increased levels of 
periodontopathic bacteria when compared to treatment with removable aligners over the 12-
month study duration. 
 
RATIONALE 
Maintenance of oral hygiene and control of plaque is an age old problem in orthodontic patients. 
Measures to prevent any harmful effects on enamel and periodontal tissues during the course of 
treatment should be an integral part of the orthodontic treatment plan. Thus the question arises: Is 
treatment with a clear aligner system superior or inferior to conventional and self-ligating fixed 
appliances as far as periodontal health is concerned in the long term?  There has been little 
research to analyze the periodontal response to this appliance and compare it to traditional fixed 
appliances including self-ligating brackets. 
NULL HYPOTHESIS 
Hypothesis 1:  The change in total bacterial and S. mutans counts is not affected by the type of 
appliance being used.  
 
Hypothesis 2:  The periodontal health is not affected by the ‘type of appliance’ being used to 
correct the malocclusion. 
 
Hypothesis 3:  The bacterial count is a reliable source for evaluating the periodontal status of the 
dentition i.e there exists a direct correlation between the bacterial count and the periodontal 
indices.  
10 
 
 
Specific Aims:  
The following three aims will be performed to compare the three different appliance systems:  
SA-1: To determine the changes in S. mutans and total bacterial counts contained in the plaque 
of patients. 
 
SA-2:  To evaluate the periodontal health of the patients with the different appliance systems. 
 
SA-3: To ascertain whether there is an association between the microbial count and the clinical 
periodontal indices. 
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MATERIAL AND METHODS 
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STUDY DESIGN 
This study was a prospective randomized clinical trial. The project was approved by the 
Institutional Review Board of University of Connecticut Health Center (IRB# 12-025-2).  
 
Patient selection: The patients were selected from the Division of Orthodontics, Department of 
Craniofacial Sciences, University of Connecticut, Health Center.  The following were the 
inclusion criteria; 
1. Nonextraction treatment plan.  
2. There should be less than 8mm of anterior crowding 
3. Patients should have all permanent teeth present, except third molars. 
4. Demonstrable ability to maintain adequate oral hygiene. 
5. Show optimum dental health without immediate need for restorations. 
 
Following were the exclusion criteria: 
1. Skeletal anterior-posterior discrepancies between the maxilla and mandible (ANB ≥ 5°). 
2. Centric relation (CR)– Centric occlusion (CO) discrepancies of greater than 3 mm. 
3. Anterior or posterior open bites. 
4. Patients who are pregnant, diabetic or using mouth rinses or interacting medications, including 
antibiotic therapy. 
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5. Presence of active periodontal disease as evidenced by attachment loss. 
6. Presence of impacted teeth. 
7. Presence of pretreatment white spot lesions. 
 
The patients who fulfilled the above criteria were randomly assigned to one of the treatment 
groups outlined below: 
• Group 1(G1): Patients receiving treatment with clear semi-elastic polyurethane aligners known 
as Invisalign (Align technology, Santa Clara, California). 
• Group 2 (G2): Patients receiving treatment with self-ligating brackets. (Carriere Self-Ligating 
Bracket, Carlsbad, CA). 
• Group 3 (G3): Patients receiving treatment with conventional preadjusted edge wise brackets 
(PEA).  
Sample size 
From previous studies, it was inferred that a mean colony forming unit (CFU) unit difference of 
approximately one log (standard deviation (SD) = approximately 1) would result in a clinically 
significant increase in S.mutans counts. Therefore the sample size of 6 patients per group, at α = 
0.05, yielded a statistical power of approximately 0.71 for this study.   
At the patient’s regular bonding appointment the primary investigator (A.C) screened the patient 
to evaluate if the patient satisfied the inclusion criteria for the study. Upon satisfaction of the 
inclusion criteria, informed consent was signed by the subject. If the subject was under the age of 
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18, informed consent was also obtained from the parent. Subjects under the age of 12 signed an 
assent form. 
 
 
RANDOMIZATION SEQUENCE AND ALLOCATION 
Computer-generated random numbers (‘Rand’ function, Microsoft, Excel 2011) was used for 
allocation of the sequence. Random Allocation Software for block randomization using blocks of 
3,6,9 or 15 was performed. In addition to account for patient variability with brushing patterns 
the left and right sides of the selected teeth to be examined were also further randomized. This 
ensured even distributions of the patients in all the groups. 
 
UNIT OF ANALYSIS AND OBSERVATION 
Periodontal measurements were recorded specifically for the maxillary lateral incisor as a 
representative tooth for the anterior segment and maxillary second premolar as the representative 
tooth for the posterior segment. Computer generated random numbers randomized the right and 
the left sides of the maxilla for selecting the experimental side. Measurements were taken at two 
different time intervals:  
T0: Before treatment 
T1: 9 months after commencement of treatment  
During all measurements, examiners were blinded from the previous scores. The primary 
investigator (AC) was blinded as to which side of the mouth had been selected and which patient 
was in which group. Prior to the start of the research, all patients received standardized oral 
hygiene instruction to ensure a healthy periodontium. This included twice daily brushing with 
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conventional and inter-dental brushes with fluoridated tooth paste. Use of fluoride mouth wash 
was not recommended. Then baseline values for gingival index, plaque index and bleeding on 
probing were obtained.  
All patients received pre-adjusted edgewise stainless steel brackets, 0.022” slot MBT 
prescription (3M Unitek, St.Paul, Minnesota, USA.) and a non- fluoride releasing, no-mix light 
cure bonding resin (Transbond, 3M Unitek, St.Paul, Minnesota,USA) All the permanent teeth in 
the arch were bonded except the 1st molars which were banded. 
All research data were identified by unique identifier (Patient1, Patient 2 …) that 
contained no protected health information (PHI). Specifically, all data collected from the 
experiments were not associated with patient’s name, medical ID number, or any other identifier 
which could readily identify the patient. All patients’ data that were gathered were transferred 
immediately to a secure database where the data could be identified only by unique identifiers 
that were created for each patient. The list that coded the unique identifiers to the patient names 
was maintained in a secure, locked location that was separate from the data and could be viewed 
only by approved, qualified research personnel. At the completion of the study, the list was 
decoded to analyze the data. All electronic data were stored in a password protected computer 
with backup file which could be accessed only by the principal investigator, primary investigator 
(AC) and research advisors. 
At T1 (9months)  the swabs from the lateral incisor and premolar were taken by the 
secondary investigator (MU) and placed in two separate containers containing 1000  of 
normal saline and labeled left and right for future microbiological testing. The swabs were taken 
to the lab for microbiological testing within 2 hours of collection. The microbiological 
measurements of total bacterial and S. mutans counts were conducted again by the blinded 
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primary investigator (AC). Microbiological plating was done by the primary investigator (AC). 
S.mutans counts were performed under the light microscope using high intensity illumination 
(Fiber lite series 180. Dolan Jenner Industries Inc). Total bacterial counts were performed under 
natural lighting conditions. 
 
 
 
 
UNIT OF ANALYSIS AND OBSERVATION 
Specific aim #1: Measuring the periodontal status   
 
Goal 1: Measuring the Gingival Status  
The gingival index (GI) developed by Löe and Silness
50
 was used. Measurements were made at 
the maxillary right or left lateral incisor representative of the anterior segment of teeth and 
maxillary right or left 2
nd
 premolar representative of the posterior segment of teeth. Grades of the 
severity of gingivitis were scored by clinical inspection based on the size, color, and texture of 
the gingival margin adjacent to the bracket and bleeding on probing. All clinical measurements 
were performed by two examiners (AC and MU) calibrated to a single examiner. The scoring 
criteria were as follows: 
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Goal 2: Measuring the Plaque Index (PI) 
The PI
51
 was assessed according to the plaque accumulation in the gingival area in four grades 
by guiding a probe gingivally over the buccal surface of the selected teeth. Measurements were 
made at the maxillary right or left lateral incisor representative of the anterior segment of teeth 
and maxillary right or left 2
nd
 premolar representative of the posterior segment of teeth. All 
clinical measurements were performed by two examiners (AC and MU) calibrated to a single 
examiner. Scoring criteria were as follows: 
 
Goal 3: Measuring the papillary bleeding index (PBI) 
 Bleeding on probing (BOP) tendency will be measured at the proximal buccal side of the 
selected teeth, 20 seconds after probing the depth of the pocket/gingival sulcus using a manual 
(Goldman-Fox, Hu-Friedy Mfg Co., Inc., Chicago, IL) periodontal probe. All clinical 
measurements were performed by two examiners (AC and MU) calibrated to a single examiner. 
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Measurements were made at the mid facial, mid lingual, and buccal line angles of the maxillary 
right or left lateral incisor representative of the anterior segment of teeth and maxillary right or 
left 2
nd
 premolar representative of the posterior segment of teeth. Scoring criteria were as 
follows: 
 
 
Specific aim #2: Estimating the total bacterial and S.mutans count in the plaque sample.   
Goal 1: Collection of plaque specimen  
After isolating the teeth from saliva with cotton rolls and gently drying them to prevent 
contamination, the supragingival plaque was carefully removed without traumatizing the gingiva, 
as this could increase the production of gingival crevicular fluid.
52 
The plaque-sampling 
investigator used a standardized protocol to collect specimens at both the time intervals (To and 
T1). Plaque specimens were collected from the labial surfaces immediately surrounding the 
orthodontic brackets with a sterilized dental scaler with the same tip dimensions (#8/9 Orban DE 
hoe scaler, Hu-Friedy, Chicago, Ill). Because the area of increased decalcification is generally 
immediately adjacent to the brackets, a four-pass technique
24
 was used to move the instrument 
tip around the circumference of the bracket at the bracket- tooth interface after removing the 
archwire (Figure1) at T1 in conventional and self ligating groups. Four passes, 1 each along the 
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tooth at the bracket interface at the gingival, mesial, distal, and occlusal aspects, will be made to 
avoid overloading the instrument tip. For the Invisalign group a single circular stroke around the 
center of the clinical crown was made. All specimens from each tooth were placed into 
individual tubes with anonymous coding and sealed for transport to the laboratory. 
Goal 2: Microbial sampling 
After isolating the teeth from saliva with cotton rolls and gently drying them to prevent 
contamination, the supragingival plaque was carefully removed by means of sterile swabs 
(Kendall curity single tipped applicators) without traumatizing the gingiva, as this would 
increase the production of gingival crevicular fluid. The samples collected from the patients 
underwent the prescribed microbiological analysis as outlined below. A sterile cotton swab was 
used on the selected teeth (the upper lateral incisor and 2
nd
 premolar) in two separate sterile 
eppendorf test tubes labeled L (lateral) and P (Premolar) containing 1000 of normal saline and 
taken to the microbiology lab labeled with the patient code. The samples were then vortexed for 
40 seconds before doing serial dilutions. Then 1000  was submitted to tenfold serial dilution in 
900 of normal saline. After each serial dilution the test tubes were vortexed for 10 sec. One 
hundred microliters of supernatant was then plated onto trypticase soy agar supplemented with 
5% sheep blood (BBL) for total bacterial evaluation and mitis salivarius agar for S.mutans 
evaluation. The samples were processed within 2 hours and the plates were incubated for 36 
hours at 37°C. The number of total bacterial colonies and S.mutans colonies were identified and 
counted and represented the total recoverable facultative flora. To calculate the bacterial and S. 
mutans counts from the diluted plates back to baseline undiluted values, the measurement 
obtained from the diluted plate was multiplied by 10
n 
(n = number of the serial dilution).  
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FAILURE 
If the patient failed to report for visit T1 (9 months) until about one week from the beginning of 
their orthodontic treatment, they were excluded from the study.  
 
STATISTICS 
All cephalometric and study cast measurements were transferred to an Excel spreadsheet (Excel 
Office 2010; Microsoft Corp, Seattle, WA). Means at baseline (Table 1 and 2) were then 
calculated, and the data were statistically analyzed using a commercially available statistical 
software package (SPSS Inc, Chicago, III).  
Kolmogorov-Smirnoff  and Shapiro Wilk tests were used to assess the normality of the data 
(Table 3). Since the data were not normally distributed, comparisons between the three groups 
were undertaken using the Kruskal Wallis one way analysis of variance (ANOVA) treating 
appliance type as a between-subjects factor and change in treatment outcomes as a within-
subjects factor were used to evaluate overall differences in treatment outcomes as a function of 
application type.  Further Mann Whitney tests were used to perform the post hoc analysis. The P 
value was set at .05.   
 
 
RELIABILITY TEST 
S.mutans counts and total bacterial counts were done by one examiner (AC). All plates were 
recounted to find the intra examiner reliability. No significant difference (P>0.05) was observed 
for both the S. mutans and total bacterial counts. 
21 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
RESULTS 
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The treatment changes for each measurement have been calculated by subtracting the 
pretreatment measurements from the post treatment. Measurements which show a positive sign 
are synonymous with an increase in the bacterial/ S. mutans counts, and a worsening of the 
periodontal health while a negative value indicates a reduction in the bacterial/ S. mutans counts 
or an improvement in the periodontal health parameters. 
 
Pretreatment Comparisons: 
 
The demographics of the study sample; ie: the patient age and sex are reported in the Appendix 
section. While there were no significant differences between the ages among the three groups 
(P>0.05) there were more males than females in the three groups. Pretreatment means for the 
total bacterial and S. mutans counts for the 2
nd
 premolar and lateral incisor are represented in 
Table 1 and Table 2 depicts the periodontal health parameters (Gingival Architecture, 
Appearance of Plaque and Bleeding pattern) for the 2nd premolar and lateral incisor. There were 
no significant differences (P>0.05) for the treatment intervention duration for the three groups 
G1 (9 months ± 7days), G2 (9 months ±5 days) and G3 (9 months ± 6days). The descriptive 
statistics containing means and standard deviations for the respective groups and the treatment 
changes have been highlighted through Table’s I-VI. 
 
Total Bacterial Changes in Premolar: 
Table 7 depicts the change (T0-T1) in total bacterial counts. For the premolar region the total 
bacterial count reduced in G1 (-390368.67 ± 562625.75) and G2 (-27944.71 ± 178284.63) but 
increased in G3 (1355064.8 ± 2557019). The kruskal- Wallis ANOVA (Table 9) with the Mann 
Whitney post hoc analysis (Table 10) revealed that there was no significant difference for the 
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change in total bacterial counts in the premolar region between G1 and G2 (P value =0.086), but 
there was a significant difference between G1 and G3 (P value =0.025),  and G2 and G3 (P value 
=0.046). 
Total Bacterial Changes in Lateral incisor: 
Table 7 depicts the change (T0-T1) in total bacterial counts. For the lateral incisor region the 
total bacterial count increased in all the three groups with the highest increase reported in G3; G1 
(51361.67± 98491.596), G2 (163176.43 ± 1155831.2) and G3 (3415216.5 ± 5499355.7). 
However, none of the intergroup comparisons were significantly different (P value = 0.129) 
 
 
S. mutans Changes in Premolar: 
 
Comparison of the changes in S. mutans counts (T1-T0) (Table 7) depicted a marginal increase 
in G1 (311± 474.825), a slight decrease in G2 (-504.71± 2393.785) and an increase in G3 
(14694.67± 21106.411). The Kruskal – Wallis ANOVA (Table 9) with the Mann Whitney post 
hoc analysis (Table 10) revealed a significant difference between G1 and G3 (P value = 0.016) 
and G2 and G3 (P value = 0.004). 
 
 
S. mutans Changes in Lateral incisor: 
 
 
Table 7 depicts the change (T0-T1) in the S. mutans counts for the lateral incisor region. The 
mean increase in S. mutans counts was highest for G3; G1 (165.17± 184.89), G2 (-70.86± 
1563.163) and G3 (2777.83± 45623.28). However, none of the inter group comparisons (Table 
9) were significantly different (P value = 0.051) 
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Gingival Architecture Changes in Premolar: 
 
Changes in the gingival architecture in the premolar region (Table 8) depict that there was a 
marginal reduction in the score in G1 (-0.17± 0.408) while G2 (1± 0.816) and G3 (1.33± 0.816) 
showed an increase in the gingival architecture scores. The ANOVA (Table 11) showed there to 
be a significant difference between the three groups (P value= 0.011) and post hoc analysis 
(Table 12) showed G1 to be significantly different from G2 (P value =0.012) and G3 (P value = 
0.007). 
 
Gingival Architecture Changes Lateral incisor: 
 
Changes in the gingival architecture in the lateral incisor region (Table 8) depict that there was 
an increase in the gingival architecture score in all three groups G1 (0.17± 0.408), G2 (0.86± 
0.69) and G3 (1.17± 0.408). ANOVA (Table 11) showed there to be a significant difference 
among the three groups (P value= 0.018) and the post hoc analysis (Table 12) showed a 
significant difference between G1 and G3 (P value = 0.006).  
 
 
Appearance of Plaque Changes Premolar: 
 
Plaque scores in the premolar region increased in all three groups, G1 (0.33±0.516), G2 
(0.71±0.951) and G3 (0.67±1.033). The ANOVA compared the three groups and reported no 
significant difference (P value = 0.689) among the three groups.  
 
 
Appearance of Plaque Changes Lateral incisor: 
 
Plaque scores in the lateral incisor region marginally increased in all three groups, G1 (0.5± 
0.548), G2 (0.57±0.535) and G3 (0.67±1.033). The ANOVA comparison between the three 
groups reported no significant difference (P value = 0.846). 
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Pattern of Bleeding Changes Premolar: 
 
Bleeding pattern changes in the premolar region showed no change in G1 (0±1.095) with an 
increase in the pattern of bleeding in both G2 (1.71±1.604) and G3 (0.83± 0.753). However, a 
comparison among the three groups (Table 11) was not significant (P value = 0.078) 
 
 
 
Pattern of Bleeding Changes Lateral incisor: 
 
Comparing the bleeding on probing pattern in the lateral incisor region G1 (-0.33±0.816) showed 
a marginal decrease in the bleeding tendency while G2 (0.71±0.756) and G3 (1±1.414) showed 
an increase. Comparing the three groups did not reveal any statistically significant difference (P 
value = 0.089) 
 
Correlations between Periodontal Health Parameters and Bacterial / S. Mutans Counts 
 
Pearson correlations were analyzed to try and correlate the changes in the periodontal health 
parameters (Ginigival architecture, Plaque score, Bleeding index) and the changes in the total 
bacterial and S. mutans counts to assess if the increase/ decrease in the bacterial counts reflects 
an improvement/ worsening of the periodontal health. The r value was set at 0.8. None of the 
parameters observed (Table 13) showed any significant correlations (r<0.8). 
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DISCUSSION 
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Fixed orthodontic appliances create retention areas for plaque accumulation and impede attempts 
at oral hygiene, increasing risk for enamel demineralization, caries, gingival inflammation, and 
decreased periodontal health. The composition of microbial flora is a determinative factor for 
cariogenic activity. Other factors in the oral environment may further decrease any possible 
variations due to the different surface characteristics. One such factor for microbial colonization 
of oral hard surfaces is the salivary or acquired pellicle, which can form not only on tooth 
surfaces but also on restorations, and prosthetic and orthodontic appliances. Therefore, the 
adhesion of oral microorganisms to the bracket surface may be influenced to a large extent by 
interactions between salivary components in the pellicle and the properties of the different 
microorganisms, in addition to the adherence patterns of bacteria on the different types of 
orthodontic brackets. The present study is a randomized clinical trial comparing the periodontal 
health and total bacterial counts as well as S. mutans counts with clear aligners and comparing 
them to self-ligating brackets and conventional appliances. Dental plaque on tooth surfaces acts 
as an infective agent for dental caries and periodontal inflammation. A correlation between the 
increase of plaque and presence of S. mutans in saliva has been reported
53,54 
 
S. mutans had been chosen as a representative oral bacterium because it is also found in early 
plaque and is a known important cariogenic agent.
55
 For this reason, the evaluation of S. mutans 
levels during any treatment is imperative to understand the caries risk factor. Thus, the aim of 
this study was to investigate the influence of removable clear aligners and fixed orthodontic 
appliances on quantitative changes of total bacteria and S. mutans. 
  A statistical analysis was performed to assess if the three groups were similar at the 
beginning of treatment for the periodontal health parameters, bacterial and S.mutans counts. 
Despite the randomization, significant differences were found at the baseline for the plaque 
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scores and S. mutans counts for the lateral incisor where the appearance of plaque scores were 
visibly less for the Invisalign group compared to conventional group. The S. mutans counts were 
also significantly lower for the Invisalign group compared to the self-ligating group. No other 
parameter was significantly different in the three groups at the baseline measurements. 
The total bacterial counts decreased in the premolar region with both the clear aligners 
and self-ligating groups over a duration of 9 months, while the bacterial counts increased in the 
conventional group with a significant difference when conventional appliances were compared to 
clear aligners or self-ligating appliances. However no difference was observed between the 
aligner group and self-ligating group. This possibly may be attributed to a more self-conscious 
effort by patients to maintain a better oral hygiene within the aligner and self-ligating groups. It 
has been reported that bacterial scores may reduce over time possibly due to motivation of 
patients to maintain better oral hygiene. Pandis et al
36
 compared the S. mutans and total bacteria 
levels in conventional and self-ligating brackets for a duration of 3 months and reported no 
significant differences between the two groups. This observation was similar to ours of no 
significant difference between clear aligners and self-ligating brackets for either the premolar or 
lateral incisor regions.  
Contrary to our observations Jurela et al
56
 reported that the numbers of colony-forming units of 
S. mutans were not influenced at a statistically significant level by fixed orthodontic appliance 
placement during the first 12 weeks of orthodontic treatment This could be attributed to the fact 
that their study duration was only 3 months or the method of sample preparation as they used 
saliva cultured in petri dishes while we used direct sterile swabs over selected teeth in anterior 
and posterior sections. According to Ristic et al
6
 the decrease in the microbiological parameters 
could be explained by reestablishment of host–microorganism balance.  The deterioration of 
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periodontium results from the combination of influence of different pathogenic subgingival 
bacteria and their toxic products, and on the other hand, the response of the host and his or her 
defense reaction. As the attachment of fixed appliances creates new retentive places, 
accumulation of dental plaque and growth of subgingival pathogenic bacteria increase. For this 
reason, the host–microorganism balance is changed, which results in gingival inflammation and 
worsening of periodontal health. Perhaps the patients in clear aligners and self-ligating groups 
had a faster reestablishment of host–microorganism balance due to less bacterial load due to no 
or minimal use of elastomeric chains which may enhance plaque accumulation.  
 In the lateral incisor region an increase in the total bacterial counts was observed in all three 
groups with the highest increase in conventional appliances and least increase in the aligner 
group. This difference was however not statistically different amongst the three groups. The 
possible reason for the difference between the premolar and lateral incisor regions may be 
attributed to individual patient variability which can be observed by the large standard deviations 
or the use of tracking attachments which are usually placed in the anterior teeth may have caused 
the bacterial counts to increase in the lateral incisor region. In self ligating groups this increase in 
the lateral incisor region may be attributed to possible treatment mechanics during space closure 
such as the use of elastomeric chains/ coil springs which may increase the plaque scores and 
subsequently the bacterial loads.  
Pelligrini et al
33
 had concluded that the use of conventional appliances promote higher 
retention of plaque bacteria, including oral Streptococci, at 1 week and potentially through 5 
weeks after bonding compared to self-ligating brackets. This observation was similar to ours for 
a significantly higher change in the S. mutans counts for the conventional appliances compared 
to self-ligating brackets for the premolar region. In the S. mutans counts we observed a similar 
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trend of a highest increase in conventional appliances for both the lateral incisor and 2
nd
 
premolar sites which was significantly higher in the premolar region when G3 was compared to 
both G1 and G2. This indicates that both clear aligners and self-ligating brackets may be superior 
to conventional appliances in regards to S. mutans counts; however there is no difference 
between clear aligners and self-ligating brackets. This may be attributed to the fact that the use of 
elastomeric rings was limited to the conventional appliances group and thus there may have been 
a higher increase in S. mutans counts compared to the other two groups. Syed and Loesche
57
 also 
showed that S. mutans predominates in early (0-1 week) plaque, but its concentration 
dramatically dropped in the 2-to-3 week period. They also reported that, as plaque matured; 
Actinomyces species started to dominate its composition and S. mutans counts suppressed. 
However we did not observe such a suppression of the S. mutans counts in conventional 
appliances and our finding was supported by the observations by Türköz et al
45
 who reported a 
significant increase in the S. mutans counts with 3 months of clear plastic retainer wear. 
In our study, S. mutans and total bacterial levels were distributed in a wide range with high 
standard deviation values. A similar large variability in the total numbers of bacterial counts has 
been reported by other researchers
33
 in their studies which may be attributed to individual 
influences such as diet, oral hygiene habits, and genetic background.
58,59
 
 
The gingival architecture scores improved in the clear aligner group while they worsened 
in both self-ligating and conventional appliances with the highest scores in the conventional 
appliances group. This observation was significantly different when conventional appliances 
were compared to both clear aligners for both lateral incisor and premolar regions and clear 
aligners compared to self-ligating brackets for the premolar region. Similar observations of no 
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significant differences were reported by Pejda et al
38
 An increase in the level of plaque scores 
was observed in all three groups for both the lateral incisor and premolar region which was not 
significant when the three groups were compared to each other. The bleeding on probing pattern 
showed that for the clear aligner group there was no change in the premolar region and a mild 
decrease in the lateral incisor region. In both the conventional appliances and self-ligating group 
there was an increase for both sites for the bleeding on probing which was not significantly 
different amongst the three groups. These observations are contrary to Ristic et al
6 
who reported 
a decrease in periodontal parameters after 3 months of conventional fixed appliance therapy and 
Karkhanechi et al
49
 who also compared clear aligners to conventional appliances for a duration 
of 12 months and reported that periodontal indices in the fixed buccal appliance group reached 
maximal values 6 months after placement of appliances, followed by a decrease at 12 months 
against our observations of an increase in periodontal parameters from baseline values. However 
they also reported less plaque accumulation with removable aligners at 6 and 12 months when 
compared to fixed buccal appliances similar to our observation. However their study was not a 
randomized trial which may have introduced a bias in that subjects more willing to perform oral 
hygiene procedures may have been assigned to the aligner group. This may possibly either 
suggest patient variability to maintain oral hygiene or the fact that after the initial trend of an 
improvement in periodontal parameters during the early phase of orthodontic treatment when the 
patient motivation is high, during the later stages of treatment the patient motivation to maintain 
good oral hygiene may be lacking thus leading to an increase in periodontal scores beyond the 
baseline values. Contrary to our results Meitheke et al
47
 reported all periodontal indices showing 
an improvement from the first to the third visit with clear aligners which they attributed to oral 
hygiene instructions (OHI) given to patients. However they also did not report any significant 
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differences between clear aligners versus conventional fixed appliances similar to our 
observation. Similar observations were reported by Pejda et al
38 
while comparing plaque and 
bleeding scores between conventional and self-ligating brackets, similar to our observation of no 
difference among the three groups for plaque scores and bleeding patterns for both the premolar 
and lateral incisor regions 
 
In an attempt to find if there was any correlation between the change in periodontal 
health parameters and bacterial or S. mutans counts; a Pearson correlation was conducted 
between the mean changes in total bacterial counts at the premolar and lateral incisor and S. 
mutans counts at the premolar and lateral incisor region to the various periodontal parameters. 
However no significant correlation could be obtained for any of the periodontal health 
parameters of the gingival architecture, plaque and bleeding scores with either the change in total 
bacterial counts or S. mutans counts.  
 
The results of the present study should be viewed with caution due to the small sample size in 
each group which led to a power of 0.7. In addition even though the patients were asked not to 
brush immediately before visits, probably not all patients were compliant. This may be consistent 
with the variable amounts of visible plaque collected between different patients. 
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CONCLUSIONS 
 
1. Significant differences were observed in total bacterial count in the premolar region between 
clear aligners and conventional appliances, and between the self-ligating group and the 
conventional group.  
2. No significant differences were observed for the total bacterial counts and S. mutans counts 
in either the premolar or lateral incisor region between clear aligners and self-ligating groups. 
3. In terms of periodontal health the clear aligner group showed significantly lower gingival 
architecture scores compared to conventional and self-ligating groups. No significant 
differences were observed for the plaque scores or bleeding patterns. 
4. No significant correlations were found between the change in periodontal health parameters 
and changes in total bacterial or S. mutans counts.  
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FIGURES 
 
 
 
 
 
 
 
 
 
 
 
Figure.1: The ‘four-pass’ technique for plaque sample collection at T1. 
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Table 1: Mean Total Bacterial and S. Mutans counts at baseline 
 
 
 
 
 
 
 
 
Table 2: Periodontal Characteristics at baseline 
 
T0 
 
 
    Gingival Architecture 
 
Appearance of Plaque 
 
Bleeding pattern 
 
 
 PM 
  
LT 
  
PM 
  
LT 
  
PM 
  
LT 
 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
G1 0.17 0.41 
 
0 0 
 
0.17 0.41 
 
0 0 
 
0.5 0.55 
 
0.67 0.52 
G2 0 0 
 
0.29 0.49 
 
0.43 0.53 
 
0.43 0.53 
 
0.14 0.38 
 
0.71 1.11 
G3 0 0 
 
0.33 0.39 
 
0.67 0.44 
 
1.00 0.83 
 
0.67 0.78 
 
0.83 0.97 
 
 
 
 
 
 
T0 
 
Total Bacteria 
  
S. Mutans  
 
 
PM     LT   
 
PM     LT   
 
Mean Std Dev 
 
Mean Std Dev 
 
  Mean Std Dev 
 
  Mean    Std Dev 
G1 521668.67 605717.89 
 
19705 37997.828 
 
233.5 408.134 
 
8.67 15.332 
G2 78163.29 108759.89 
 
246015 314140.55 
 
924.14 2001.663 
 
725.29 499.849 
G3 320085.17 559672.26 
 
2030500.2 2808395.4 
 
223.67 350.098 
 
16933.33 40697.207 
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Table 3: Tests of Normality distribution at T0 
 
 Group Kolmogorov-Smirnov
a
 Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Total PM 
1 .321 6 .052 .783 6 .041 
2 .323 7 .026 .762 7 .017 
3 .351 6 .020 .670 6 .003 
Total LT 
1 .351 6 .020 .618 6 .001 
2 .217 7 .200
*
 .810 7 .052 
3 .363 6 .013 .756 6 .023 
S. mutans  
PM 
1 .382 6 .006 .685 6 .004 
2 .385 7 .002 .547 7 .000 
3 .294 6 .115 .731 6 .013 
S. mutans  
LT 
1 .335 6 .034 .666 6 .003 
2 .171 7 .200
*
 .926 7 .517 
3 .483 6 .000 .505 6 .000 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 
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Table 4: Kruskal-Wallis Test at Baseline (T0) for Total Bacterial and S. Mutans counts 
 
 Group N Mean 
Rank 
Total PM 
1 6 13.00 
2 7 7.57 
3 6 9.83 
   
Total LT 
1 6 6.50 
2 7 10.71 
3 6 12.67 
   
S. mutans PM 
1 6 7.58 
2 7 11.86 
3 6 10.25 
   
S. mutans  LT 
1 6 5.33 
2 7 13.71 
3 6 10.33 
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Table 5: Kruskal-Wallis Test at Baseline (T0) for  Periodontal 
Characteristics 
 
 Group N Mean 
Rank 
Ging Arch PM  
1 
2 
3 
6 
7 
6 
11.08 
9.50 
9.50 
Ging Arch LT 
1 
2 
3 
6 
7 
6 
8.00 
10.71 
11.17 
Plaque PM 
1 
2 
3 
6 
7 
6 
8.42 
10.64 
10.83 
Plaque LT 
1 
2 
3 
6 
7 
6 
6.50 
10.14 
13.33 
Bleeding PM 
1 
2 
3 
6 
7 
6 
10.75 
7.36 
12.33 
Bleeding LT  
1 
2 
3 
6 
7 
6 
10.33 
9.29 
10.50 
 
 
 
 
Test Statistics 
 Total PM  
T0 
Total LT  
T0 
S. mutans 
PM  
T0 
S. mutans 
LT  
T0 
Chi-Square 3.014 3.781 1.904 7.286 
df 2 2 2 2 
Asymp. Sig. .222 .151 .386 .026 
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Test Statistics 
 Ging Arch 
PM T0 
Ging Arch 
LT T0 
Plaque PM 
T0 
Plaque LT 
T0 
Bleeding 
PM T0 
Bleeding 
LT T0 
Chi-
Square 
2.167 2.257 1.040 6.064 3.657 .215 
df 2 2 2 2 2 2 
Asymp. 
Sig. 
.338 .323 .595 .048 .161 .898 
 
 
Table 6: Mann-Whitney Test at T0 
 
 Group N Mean 
Rank 
P value 
S. mutans  LT 
1 6 3.67  
2 7 9.86 .004 
    
 
2 7 7.86  
3 6 6.00 .388 
    
1 6 5.17  
3 6 7.83 .192 
 
 Group N Mean 
Rank 
P value 
Plaque LT 
1 6 5.50  
2 7 8.29 .079 
    
 
2 7 5.86  
3 6 8.33 .214 
    
 1 6 4.50  
 3 6 8.50 .022 
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Table 7: Mean Total Bacterial and S. Mutans counts after 9 months (T1-T0) 
 
 
 
 
 
 
 
 
 
 
Table 8: Periodontal characteristics after 9 months (T1-T0) 
 
 
 
T1-T0 
 
 
        Gingival 
Architecture   
Appearance of Plaque 
 
Bleeding pattern   
 
PM 
 
LT 
 
PM 
 
LT 
 
PM 
 
LT 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
 
Mean  
Std 
Dev 
G1 -0.17 0.408 
 
0.17 0.408 
 
0.33 0.516 
 
0.5 0.548 
 
0 1.095 
 
-0.33 0.816 
G2 1 0.816 
 
0.86 0.69 
 
0.71 0.951 
 
0.57 0.535 
 
1.71 1.604 
 
0.71 0.756 
G3 1.33 0.816 
 
1.17 0.408 
 
0.67 1.033 
 
0.67 1.033 
 
0.83 0.753 
 
1 1.414 
 
 
 
 
 
 
 
 
 
 
T1-T0 
 
       Total Bacteria 
  
     S. Mutans  
 
 
PM 
  
LT 
  
PM 
  
LT 
 
 
Mean Std Dev   Mean Std Dev 
 
Mean Std Dev   Mean Std Dev 
G1 
-
390368.67 
562625.75 
 
51361.67 98491.596 
 
311 474.825 
 165.17 184.89 
G2 -27944.71 178284.63 
 
163176.43 1155831.2 
 
-504.71 2393.785 
 
-70.86 1563.163 
G3 1355064.8 2557019 
 
3415216.5 5499355.7 
 
14694.67 21106.411 
 
2777.83 45623.28 
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Table 9: Kruskal-Wallis Test for Mean Difference (T1-T0) for Total Bacterial and S. 
Mutans counts (N =19) 
 
 
 Group N Mean 
Rank 
Total PM 
1 6 5.67 
2 7 9.71 
3 6 14.67 
   
Total LT 
1 6 10.17 
2 7 7.00 
3 6 13.33 
   
S. mutans 
PM 
1 6 9.33 
2 7 5.57 
3 6 15.83 
   
S. mutans LT 
1 6 10.83 
2 7 6.14 
3 6 13.67 
   
 
Test Statistics 
 Total PM Total LT S. mutans 
PM  
S. mutans 
LT 
Chi-Square 7.702 4.100 10.867 5.968 
df 2 2 2 2 
Asymp. 
Sig. 
.021 .129 .004 .051 
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Table 10: Mann-Whitney Test Mean Difference (T1-T0) 
 
 Group N Mean 
Rank 
P value 
Total PM 
1 6 5.00  
2 7 8.71 .086 
    
2 7 5.00  
3 6 9.33 .046 
    
1 6 4.17  
3 6 8.83 .025 
 
 Group N Mean 
Rank 
P value  
S. mutans 
PM 
1 6 8.83  
2 7 5.43 .116 
    
2 7 4.14  
3 6 10.33 .004 
    
1 6 4.00  
3 6 9.00 .016 
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Table 11: Kruskal-Wallis Test for Mean Difference (T1-T0) for Periodontal Characteristics 
(N =19) 
Ranks 
 Group N Mean 
Rank 
Ging Arch PM 
1 6 4.75 
2 7 11.57 
3 6 13.42 
   
Ging Arch LT 
1 6 5.42 
2 7 10.93 
3 6 13.50 
   
Plaque PM 
1 6 8.50 
2 7 10.50 
3 6 10.92 
   
Plaque LT 
1 6 9.25 
2 7 9.86 
3 6 10.92 
   
Bleeding PM 
1 6 6.25 
2 7 13.14 
3 6 10.08 
   
Bleeding LT 
1 6 6.00 
2 7 11.50 
3 6 12.25 
   
 
Test Statistics  
 Ging Arch 
PM 
(T1-T0)  
Ging Arch 
LT  
(T1-T0) 
Plaque PM  
(T1-T0) 
Plaque LT  
(T1-T0) 
Bleeding PM  
(T1-T0) 
Bleeding LT  
(T1-T0) 
Chi-Square 8.954 8.062 .745 .335 5.090 4.831 
df 2 2 2 2 2 2 
Asymp. Sig. .011 .018 .689 .846 .078 .089 
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Table 12: Mann-Whitney Test for Mean Difference (T1-T0) 
 
 Group N Mean 
Rank 
P Value 
Ging Arch PM  
1 6 4.33  
2 7 9.29 .012 
    
2 7 6.29  
3 6 7.83 .446 
    
1 6 3.92  
3 6 9.08 .007 
    
 
 
 Group N Mean 
Rank 
P Value 
Ging Arch LT 
1 6 5.00  
2 7 8.71 .054 
    
2 7 6.21  
3 6 7.92 .335 
    
1 6 3.92  
3 6 9.08 .006 
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Table 13: Correlations between Mean difference (T1-T0) in Total Bacterial and S. Mutans 
counts and Periodontal Health Characteristics (N =19) 
 
 
 Total PM Total LT S. mutans 
PM 
S. mutans 
LT 
Ging Arch PM 
Pearson 
Correlation 
.465 .494 .414 .420 
     
     
Ging Arch LT 
Pearson 
Correlation 
.499 .322 .545 .094 
     
     
Plaque PM 
Pearson 
Correlation 
.386 .106 .327 .334 
     
     
Plaque LT 
Pearson 
Correlation 
.503 .385 .409 .592 
     
     
Bleeding PM 
Pearson 
Correlation 
.265 .042 .218 -.057 
     
     
Bleeding LT 
Pearson 
Correlation 
.544 .139 .581 -.022 
     
     
 
 
 
 
 
 
r = 0.8 
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Appendix A- Demographics of study sample 
 
 
 
 
 
 
 
 
 
 
 
Table A. Demographics of study sample 
             Clear aligners  (G1)                  Self ligating (G2) Conventional (G3)
Variable                n=6                       n=7
Pre Treatment Age (y)            24.22±12.59                             14±3.07
Sex (n) Male 5 4 5
Female 1 3 1
Total 6 7 6
 Time (months)             9 months ± 7 days    9 months ± 5 days
 n=6
   9 months ± 6 days
14.67±2.57
57 
 
Appendix B 
Bar graph depicting changes in the three groups 
 
                       G1 (clear aligners)         G2 (self-ligating)             G3 (conventional) 
* P <0.05 
 
 
 
 
 
58 
 
 
 
59 
 
 
 
 
 
60 
 
This thesis is part of a larger project titled “Comparison of Root Resorption, Microbial 
Colonization & Periodontal Status between Clear Aligners, Self-Ligating Brackets & 
Conventional brackets- A Randomized Controlled Clinical Trial” where a comparison between 
the three appliance systems, clear aligners, self-ligating brackets and conventional appliances 
will be compared at 9 months for the bacterial counts, S. mutans counts, periodontal health 
parameters and  at 18 months in treatment to compare the bacterial counts, S. mutans counts, 
periodontal health parameters, white spot lesions and root resorption. Beneath is the consort flow 
diagram and to date 42 patients have been included in the study and 19 patients were evaluated 
after 9 months of beginning of treatment.   
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